Pneumolabyrinth has been considered an indicator of otic capsule involvement in temporal bone fractures. We present a novel theory for the etiology of pneumolabyrinth in a trauma patient without an otic capsule fracture: passage of intrathecal air into the labyrinth. Our patient experienced transient bilateral pneumolabyrinth after head trauma due to a motor vehicle collision. The patient was noted to have extensive pneumocephalus and a unilateral temporal bone fracture that spared the otic capsule. Initial computed tomography (CT) scans demonstrated air in the cochlea and both internal auditory canals. A high-resolution CT scan 6 hours later showed resolution of this air. Pneumolabyrinth may not be a sensitive indicator of otic capsule involvement in temporal bone fractures. In addition to middle ear sources, air in the labyrinth can also plausibly originate intrathecally, especially in the setting of pneumocephalus.
Introduction
Temporal bone fractures were formerly classified by the relationship of the fracture line to the petrous ridge: transverse or longitudinal. Recently, neuroradiologists and otolaryngologists have adopted a system to categorize temporal bone fractures relative to the otic capsule: otic-capsule-violating or otic-capsule-sparing. This newer system has been shown to better predict adverse clinical outcomes-including sensorineural hearing loss, conductive hearing loss, cerebrospinal fluid leakage, and facial nerve weakness-compared with the traditional classification system. 1 In addition to the adverse outcomes mentioned above, fractures that involve the otic capsule and violate the labyrinth may demonstrate pneumolabryinth on imaging. Other causes of pneumolabyrinth include penetrating trauma, implosive fistula at the round window membrane or oval window, traumatic stapediovestibular joint dislocation, iatrogenic causes, and erosive lesions.
We present a patient who was found to have transient, bilateral pneumolabyrinth in the setting of basilar skull fracture and pneumocephalus after a motor vehicle collision (MVC). Interval high-resolution computed tomography (HRCT) imaging revealed no fracture through the otic capsule and no displacement of the ossicles, trace fluid in the middle ear, and resolution of the pneumolabyrinth. This case illustrates that pneumolabyrinth may not be a reliable radiographic marker for temporal bone fracture involving the otic capsule. It also illustrates a possible mechanism of pneumolabyrinth heretofore undescribed in the literature.
Case report
A 73-year-old woman experienced loss of consciousness as the result of an MVC. She presented to the emergency department with nausea, vomiting, headaches, epistaxis, and altered mental status. She could converse and complained of diminished hearing and dizziness. Her bilateral external auditory canals were encrusted with blood, precluding otoscopic examination. On initial computed tomography (CT), performed with maxillofacial trauma protocol with 2.5-mm cuts, she was found to have basilar skull fractures, pneumocephalus, pneumolabyrinth, subdural hemorrhage, and orbital roof fractures. She also had a clavicular fracture and rib fractures.
Interval HRCT with 0.625-mm cuts taken 6 hours after initial imaging revealed resolution of the pneumolabyrinth and a left-sided temporal bone fracture that involved the posterior, superior portion of the glenoid fossa. Bilateral otic capsules were intact.
Three months later, the patient returned to the clinic and reported a subjective mild hearing loss from the accident. She had not noticed hearing loss before the time of the accident. Her audiogram showed a symmetric, mild, gradually sloping to severe sensorineural hearing loss with excellent word recognition (figure 1).
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Discussion
Choi et al reviewed 188 temporal bone fractures and found a 48.4% rate of pneumolabyrinth in otic-capsule-violating fractures and a 0% rate in otic-capsule-sparing fractures. 2 Two recent reports, however, describe post-traumatic pneumolabyrinth without otic capsule violation and suggest entry of air from the middle ear space. 3, 4 Gas could enter the labyrinth from the middle ear space in this setting from brief subluxation of the stapes footplate, external pressure through the oval or round window membranes, the fissula ante fenestram, microfissures, or fractures too small to be visualized on HRCT.
In our case, we postulate that the air entered the labyrinth from the opposite direction. Intrathecal air could traverse from the subarachnoid space to the labyrinth through the internal auditory canal (IAC) by way of the canaliculi perforantes of the osseous spiral lamina or through the cochlear aqueduct. These are known pathways for the development of otogenic meningitis.
Upon further review of the HRCT, we found our patient to have an intact bony modiolus bilaterally. The vestibular aqueducts and IACs were not enlarged. The cochlear aqueduct was very narrow on axial sections. The patient's initial CT scan demonstrated basilar skull fractures with pervasive pneumocephalus noted at the fundus of the IAC on each side. Adjacent to the air in the fundus of the IAC, additional air bubbles were present at the base of the cochlea bilaterally and in the vestibule on the right (figure 2).
Because these fractures were otic-capsule-sparing with no evidence of fluid in the middle ear space, we postulate that air in the fundus leaked into the labyrinth by way of the canaliculi perforantes of the osseous spiral lamina or by occult, traumatic fistula. Previously, Woodson and Smith noted that the presence of pneumolabyrinth is diagnostic for otic capsule fractures. 5 Our case and two other reports 3, 4 illustrate that pneumolabyrinth may not be a reliable radiographic marker of temporal bone fracture involving the otic capsule.
Our patient's sloping sensorineural hearing loss pattern on her follow-up audiogram is consistent with presbycusis. We did not have a baseline audiogram for comparison. However, the patient did report a subjective worsening of hearing after the accident, suggesting that her loss was due to injury at the time of trauma.
Perilymphatic air has been shown to negatively affect cochlear microphonics and compound action potentials. 6 It also has been shown to lead to collapse of Reissner's membrane and a decrease in endolymphatic potential. 7 On the HRCT scans, we viewed pneumolabyrinth in the basal portion of the cochlea; injury at this site would correspond with high-frequency hearing loss, which this patient experienced.
